A taxonomic study was carried out on five Gram-staining-negative, catalase-and oxidase-positive, rod-shaped bacteria isolated from the gills and livers of five diseased rainbow trout. The five novel isolates were designated strains 687B-08 T , 445-08, 452-08, 453B-08 and 967B-08. In phylogenetic analyses based on 16S rRNA gene sequences, the five novel strains appeared almost identical (99.0-100 % sequence similarity) and to belong to the genus Chryseobacterium. Strain 687B-08 T (the strain selected to represent the five novel isolates) was found to be most closely related to Chryseobacterium oncorhynchi 701B-08 T (98.9 % sequence similarity), T and the type strains of other closely related, established species of the genus Chryseobacterium. The predominant respiratory quinone of strain 687B-08 T was MK-6 and the major cellular fatty acids were iso-C 15 : 0 , iso-C 17 : 1 v9c, iso-C 17 : 0 3-OH and C 16 : 1 v6c. The G+C content of the genomic DNA of strain 687B-08 T was 38.6 mol%. Based on the phenotypic and genotypic evidence, the five novel strains isolated from rainbow trout represent a single, novel species of the genus Chryseobacterium, for which the name Chryseobacterium viscerum sp. nov. is proposed. The type strain is 687B-08 T (5CECT 7793 T 5CCUG 60103 T ).
At the time of writing, the genus Chryseobacterium, which has recently undergone significant expansion as a result of improvements in phenotypic and molecular identification methods, comprised 58 species with validly published names (Bernardet et al., 2011; http://www.bacterio.cict.fr) . This genus, a member of the family Flavobacteriaceae, was described formally by Vandamme et al. (1994) to accommodate six species formerly classified within the genus Flavobacterium. The type species of the genus is Chryseobacterium gleum. Members of the genus Chryseobacterium can be found in a wide variety of environments, including water, soil, raw milk, raw chicken and clinical samples (Yamaguchi & Yokoe, 2000; Bernardet et al., 2002 Bernardet et al., , 2005 Hugo et al., 2003; Kim et al., 2006; de Beer et al., 2005 de Beer et al., , 2006 Quan et al., 2007) . Several Chryseobacterium species, such as Chryseobacterium balustinum, Chryseobacterium scophthalmum, Chryseobacterium joostei and, more recently, Chryseobacterium piscicola, Chryseobacterium arothri (a heterotypic synonym of Chryseobacterium hominis; Kämpfer et al., 2009), Chryseobacterium chaponense and Chryseobacterium oncorhynchi, have been associated with infections in fish (Harrison, 1929;  IP: 54.70.40.11
On: Wed, 17 Jul 2019 08:59:17 Mudarris & Austin, 1989; Mudarris et al., 1994; Bernardet et al., 2005; Campbell et al., 2008; Ilardi et al., 2009; Kämpfer et al., 2011; Zamora et al., 2012) . In this study, the taxonomic positions of five Chryseobacterium-like organisms recovered from five different specimens of trout were determined, using phenotypic, chemotaxonomic and molecular genetic methods.
In 2008, during routine microbiological diagnoses at the Animal Health Surveillance Centre (VISAVET) of the Universidad Complutense (Madrid, Spain), five novel isolates of Gram-staining-negative rod-shaped bacteria were obtained from the liver (strains 445-08 and 452-08) or gills (strains 453B-08, 687B-08 T and 967B-08) of five different rainbow trout (Oncorhynchus mykiss). The five fish, which were thought to have suffered from septicaemia, came from a single fish farm in central Spain. The five novel strains, from trout samples that had been held at 240 u C until they could be processed, were isolated on tryptone-glucose extract (TGE) agar (Difco) after incubation at 22 u C for 72 h under aerobic conditions. No attempt has yet been made to test the virulence of any of the novel strains (e.g. by experimental infection of trout).
The 16S rRNA gene sequences of all five novel strains were determined as described previously (Vela et al., 2005) . A continuous fragment (of about 1377 nt) of the 16S rRNA gene of each strain was obtained bidirectionally, using the universal primers pA (59-AGAGTTTGATCCTGGCTCAG-39; representing positions 8-27 in the E. coli numbering system) and pH* (59-AAGGAGGTGATCCAGCCGCA-39; representing positions 1541-1522). The EzTaxon server (http://www.eztaxon-e.ezbiocloud.net/; Kim et al., 2012) was then used to identify phylogenetic neighbours and evaluate sequence similarities between pairs of strains. In this phylogenetic analysis, the five novel strains appeared almost identical, with 16S rRNA gene sequence similarities of 99.0-100 %, and to be most closely related to members of the genus Chryseobacterium. Strain 687B-08 T (selected to represent the five novel strains) appeared to be most closely related to C. oncorhynchi 701B-08 T (98.9 % sequence similarity) and Chryseobacterium ureilyticum F-Fue-04IIIaaaa T (98.6 %). Sequence similarities higher than 97 % were observed between strain 687B-08 T and type strains of 12 other established species in the genus Chryseobacterium: Chryseobacterium indologenes (98.3 %), Chryseobacterium jejuense (98.1 %), C. gleum (98.1 %), Chryseobacterium arthrosphaerae (97.9 %), C. joostei (97.8 %), C. hominis (97.6 %), Chryseobacterium oranimense (97.5 %), Chryseobacterium shigense (97.5 %), Chryseobacterium culicis (97.4 %), Chryseobacterium aquifrigidense (97.2 %), Chryseobacterium luteum (97.0 %) and C. scophthalmum (97.0 %).
The 16S rRNA gene sequences of the type strains of all Chryseobacterium species with validly published names were retrieved from GenBank and aligned with the newly determined sequences by using the SeqTools program (Rasmussen, 2002) . Phylogenetic trees were then constructed according to three different algorithms: neighbour-joining (Saitou & Nei, 1987) , using the SeqTools and TreeView programs (Page, 1996; Rasmussen, 2002) ; maximum-likelihood, using the PHYML software package (Guindon & Gascuel, 2003) ; and maximum-parsimony, using version 4 of the MEGA software package (Kumar et al., 2004) . The evolutionary distances used for the neighbour-joining and maximum-likelihood trees were calculated by the Kimura two-parameter model (Kimura, 1980) . Close-neighbourinterchange (search level52, random additions5100) was applied in the maximum-parsimony analysis. The topology of each tree was evaluated by bootstrap analysis with 1000 replications (Felsenstein, 1985) . In the neighbour-joining phylogenetic tree (Fig. 1) , the novel strains clustered with members of the genus Chryseobacterium, forming a distinct subline within a subgroup of 17 Chryseobacterium species (including the type species C. gleum). Similar topologies were seen in the maximum-likelihood and maximum-parsimony trees (data not shown)
For the phenotypic characterization, minimum standards for the description of new taxa in the family Flavobacteriaceae were followed (Bernardet et al., 2002) . Several key characteristics, such as Gram staining, production of catalase and oxidase, and hydrolysis of Tween 80, L-tyrosine, aesculin, lecithin, starch, agar, gelatin and casein, were investigated using standard procedures (Smibert & Krieg, 1994) . Hydrolysis of urea and DNA were tested as described by Bowman et al. (1996) . Aerobic growth was assessed at 15, 25, 30, 37 and 42 u C in brain heart infusion (BHI) broth, and (at 25 u C) in BHI broth with 3.0, 4.5 and 6.5 % (w/v) added NaCl. Growth in BHI agar at 25 u C was also assessed under both anaerobic conditions (with 4-10 % CO 2 ) and micro-aerobic conditions (with 5-15 % O 2 and 5-12 % CO 2 ), which were created using the GasPak Plus and CampyPak Plus systems (BBL), respectively. Growth was also tested on MacConkey (bioMérieux), nutrient (Difco) and trypticase-soy (bioMérieux) agars. Gliding motility was investigated by the hanging-drop technique, and the production of flexirubin-type pigments and extracellular glycans were investigated as described by Bernardet et al. (2002) . The novel strains were biochemically characterized further using the API 20NE and API ZYM systems (bioMérieux) according to the manufacturer's instructions, except that the incubation temperature was 25 u C. The type strains of 14 established species in the genus Chryseobacterium (C. oncorhynchi CECT 7794 T and C. culicis CCUG 58784 T ) were used for reference in the investigations of the phenotypic, chemotaxonomic and genotypic properties of the novel strains and were grown under the same laboratory conditions as the novel strains. The five novel strains exhibited identical phenotypic characteristics except that strain 967B-08, unlike the other four novel strains, appeared to be devoid of esterase lipase (C8) activity. A detailed description of the morphological, physiological and biochemical characteristics of the novel strains is given in the species description and Table 1 . Several phenotypic characteristics could be used to distinguish the novel strains not only from their nearest phylogenetic relative, C. ureilyticum, but also from other closely related species in the genus Chryseobacterium (Table 1) . DNA-DNA hybridizations were carried out both between the five novel strains and between strain 687B-08 T , chosen as a representative isolate, and the type strains of closely related established species in the genus Chryseobacterium (i.e. those showing 16S rRNA gene sequence similarities with strain 687B-08 T of .97.0 %). For this, DNA was extracted and purified by the method of Marmur (1961) and hybridizations were carried out, under optimal conditions and a temperature of 45 u C (De Ley & Tijtgat, 1970) , by the membrane method (Johnson, 1994; Arahal et al., 2001) . DNA-DNA relatedness values were calculated as described by Johnson (1994) . The results reported are the mean values from the three independent experiments that were carried out for each analysis. Since the DNA-DNA relatedness values recorded between them were very high (99-100 %), the five novel strains are considered to be members of a single species (Wayne et al., 1987 T (42 %), C. luteum CCUG 61057 T (22 %), C. culicis CCUG 58784 T (50 %) and C. scophthalmum CCUG 33454 T (21 %) indicate that strain 687B-08 T belongs to a novel species (Wayne et al., 1987; Rosselló -Mora, 2006) . By using the mid-point values of thermal denaturation profiles (Marmur & Doty, 1962) determined in a UV-Vis spectrophotometer (Perkin-Elmer) at 260 nm, the genomic DNA G+C contents of strains 687B-08 T , 445-08, 452-08, 453B-08 and 967B-08 were found to be 38.6, 38.2, 38.8, 39.0 and 38.6 mol%, respectively. These values fall within the range reported for established species in the genus Chryseobacterium (Bernardet et al., , 2011 .
The respiratory quinones of strain 687B-08
T were identified by the Identification Service of the Deutsche Sammlung für Mikroorganismen und Zellkulturen (DSMZ), at Braunschweig, Germany, and by Dr Brian Tindall (also of the DSMZ). The quinones were separated by TLC on silica-gel plates and then further analysed by HPLC. The major quinone of strain 687B-08 T was identified as MK-6 (the major quinone of all members of the family Flavobacteriaceae; Bernardet & Nakagawa, 2006) . MK-5 was also detected in cells of strain 687B-08 T but only as a minor component.
The cellular fatty acids of strain 687B-08 T and 13 type strains of the most closely related Chryseobacterium species were investigated by using an HP 5890 GC (Hewlett Packard), cells that had been grown for 40±6 h on blood agar at 30 u C under aerobic conditions, and a standardized protocol (http://www.ccug.se/pages/CFA_method_2008.pdf) similar to that of the Sherlock Microbial Identification System (MIDI). The fatty acid profile of strain 687B-08 T , in which iso-C 15 : 0 (40.9 %), iso-C 17 : 1 v9c (18.5 %), C 16 : 1 v6c (12.3 %) and iso-C 17 : 0 3-OH (14.7 %) predominated (Table  2) , was similar to those of closely related (Table 2 ) and less closely related (Vandamme et al., 1994; Bernardet et al., 2005 Bernardet et al., , 2011 members of the genus Chryseobacterium.
Based on the phenotypic, chemotaxonomic and phylogenetic evidence and the results of the DNA-DNA hybridizations, the five novel strains from rainbow trout represent a single novel species in the genus Chryseobacterium, for which the name Chryseobacterium viscerum sp. nov. is proposed.
Description of Chryseobacterium viscerum sp. nov.
Chryseobacterium viscerum (vis.ce9rum. L. gen. pl. n. viscerum of the inner parts of the body, internal organs, viscera). Positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, a-glucosidase, naphthol-AS-BI-phosphohydrolase and N-acetyl-bglucosaminidase activities but negative for esterase (C4), lipase (C14), cystine arylamidase, a-chymotrypsin, agalactosidase, b-glucuronidase, b-glucosidase, a-mannosidase, b-galactosidase and a-fucosidase activities. Esterase lipase (C8) activity is strain-dependent. Cells contain MK-6 as the major respiratory quinone, with minor amounts of MK-5 also present. The major cellular fatty acids are iso-C 15 : 0 , iso-C 17 : 1 v9c, C 16 : 1 v6c and iso-C 17 : 0 3-OH.
The type strain, 687B-08 T (5CECT 7793 T 5CCUG 60103 T ), was isolated from the gills of a diseased rainbow trout. The genomic DNA G+C content of the type strain is 38.6 mol%.
